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(54) SURFACE ACOUSTIC WAVE DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To manufacture a surface acoustic wave(SAW) 
device at a low cost with a simple process in which a short-circuit between 
electrode fingers due to deposition of a conductive foreign material is 
suppressed. 

SOLUTION: A photosensing resist for lift-off is coated on a piezoelectric 
substrate 10 made of a 36° Y-cut - X propagation LiTa03 crystal, a 
negative pattern of an interdigital trans ducerODT) electrode is formed and 
the width of electrode fingers 1a. 1b is selected to 1 .1 urn. and the interval 
between the electrode fingers 1a. 1b is selected to 1.1pm. Then an 
aluminum film is formed on the surface of the piezoelectric substrate on 
which the negative pattern is in existence by the thickness of 460nm by the 
vacuum vapor-deposition method and a silicon film for a protection film 13 
is formed 35nm thick without breaking the vacuum state. The photosensing 
resist, the conductor film and the protection film 13 equivalent to the 
negative pattern of the piezoelectric substrate 10 are lifted off to 
manufacture the SAW device. The film thickness of the IDT electrodes of 
the SAW device is selected to 460nm and a half of the interval between the 
electrode fingers 1a and 1b of the SAW device is selected to 550nm. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation, 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Surface acoustic wave equipment which arranges so that the electrode finger of the both sides of the ctenidiunrHike 
electrode of a pair which have two or more parallel electrode fingers on a piezo-electric substrate may gear mutually, and is 
surface acoustic wave equipment which prepares a protective coat only on a these ctenidium-like electrode, and changes, and is 
characterized by carrying out to less than [ of spacing between the electrode fingers which adjoin the thickness of said 
ctenidium-like electrode] 1/2. 

[Claim 2] The surface acoustic wave equipment which arranges so that the electrode finger of the both sides of the ctenidium- 
like electrode of a pair which have two or more parallel electrode fingers on a piezo-electric substrate may gear mutually, and is 
surface acoustic wave equipment which prepares a protective coat on a these ctenidium-like electrode and a piezo-electric 
substrate front face, and changes, and is characterized by to make the difference of the thickness of said ctenidium-like 
electrode, and the thickness of a protective coat less than [ of spacing between adjoining electrode fingers ] into 1/2. 

[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is surface acoustic wave equipment for a resonator and frequency band filters built in 
mobile wireless devices, such as a land mobile radiotelephone and a cellular phone, and relates to the surface acoustic wave 
equipment considered as the configuration in which the electrode formed on the piezo-electric substrate controls the short- 
circuit by adhesion of a conductive foreign matter. 
[0002] 

[Description of the Prior Art] Conventional surface acoustic wave (it omits Surface Acoustic Wave and Following SAW) 
equipment is shown in drawing 2 , and the production process is shown in drawing 4 . Although (a) of drawing 2 prepared the 
partial expanded sectional view of SAW equipment and (b) prepared the protective coat, a partial expanded sectional view and (c) 
are the top views of the basic configuration of the whole equipment. 

[0003] It sets to (a) of this drawing, and is LiNb03. A crystal and LiTa03 On the piezo-electric substrates 10, such as a crystal, 
the IDT (Inter Digital Transducer) electrode 1 1 of the ctenidium-like electrode arranged so that the predetermined spacing L may 
be set and two or more parallel electrode fingers 1 1a and 11b of each other may be clenched is formed, (b) is the configuration 
of having formed the insulating or semi-conductive protective coat 13 in the whole surface of the substrate side in which the IDT 
electrode 11 was formed, in order to hold the insulation between electrode finger 11a and 11b, when the conductive particle 12 
adheres between electrode finger 11a and 11b [ electrode finger 11a and 11b top or]. 

[0004] In (c) of this drawing, 1 1a was the electrode finger of an input side, 11b was the electrode finger of an output side, and 
when between electrode finger 1 1a and 1 1b flowed and short-circuited, the property as a resonator or a frequency band filter 
(henceforth a filter) had deteriorated, in addition — general — an IDT electrode — a logarithm — several 10 - a number — 
although it was about 100, in (c), it drew typically. 

[0005] Such SAW equipment is manufactured at a process as shown in drawing 4 . The photosensitive resist for lift off is applied 
on the piezo-electric substrate 10 at a process (a), and the negative pattern of the IDT electrode 11 is formed by the 
photolithography method at a process (b). After an appropriate time, at a process (c), the electric conduction film for IDT 
electrode 1 1 which consists of a metal or an alloy is formed in a vacuum ambient atmosphere by the thin film forming methods, 
such as vacuum deposition and the sputtering method, the piezo-electric substrate 10 is taken out out of a vacuum ambient 
atmosphere at a process (d), the photosensitive resist and electric conduction film of the negative pattern section are removed 
by the lift- off method (or the etching method), and the IDT electrode 1 1 of a request pattern is formed. And a protective coat 13 
is made to form by vacuum deposition, the sputtering method, etc. on the IDT electrode 1 1 at a process (e). At this time, the 
piezo-electric substrate 10 was put in into the vacuum ambient atmosphere at 2 times of processes, (c) and (e). 
[0006] 

[Problem(s) to be Solved by the Invention] however — if the protective coat 13 is not formed on the IDT electrode 1 1 — 
abbreviation — when the spherical conductive particle 12 adhered, there was a problem of between electrode finger 1 1a and 11b 
having flowed [ the radius R ] at the time of R>=L/2 (L being the distance between electrode finger 1 1a and 11b), and short- 
circuiting. Moreover, since a protective coat 13 cannot disregard the effect which it has on a resonator property or a filter shape 
even if it is going to form a protective coat 13 all over the substrate side in which the IDT electrode 1 1 was formed and is going 
to hold the insulation between electrode finger 11a and 11b, For example, thickness of a protective coat 13 had to be made thin 
as thickness of a protective coat 1 3 was set to about 50nm to about 500nm of thickness of the IDT electrode 1 1 . Therefore, 
when the covering nature of a protective coat 13 was inadequate, and a protective coat 13 was not fully formed in the side face 
of the electrode fingers 11a and 1 1 b, therefore R=L / about two particle 12 fitted in between electrode finger 11a and 11b 
exactly, it short-circuited through the side face of the electrode fingers 11a and 11b. 

[0007] Moreover, when making a protective coat 13 form on the IDT electrode 11 by the thin film forming method for using 
vacuum devices, such as vacuum deposition and the sputtering method, the piezo-electric substrate 10 is again put in into the 
vacuum ambient atmosphere, and, for this reason, vacuum suction of vacuum devices needed to be performed twice [ at least ]. 
Furthermore, while taking the piezo-electric substrate 10 in and out out of the vacuum ambient atmosphere, the foreign matter 
might adhere on the piezo-electric substrate 10 or the IDT electrode 1 1. 

[0008] Therefore, this invention is completed in view of the above-mentioned situation, the purpose controls the short-circuit 
between the electrode fingers by adhesion of a conductive foreign matter, and it is in manufacturing the SAW equipment of such 
a configuration to low cost at a simple process. 
[0009] 

[Means for Solving the Problem] The surface acoustic wave equipment of the 1st invention is arranged so that the electrode 
finger of the both sides of the ctenidium-like electrode of a pair which have two or more parallel electrode fingers on a piezo- 
electric substrate may gear mutually, and it is characterized by to carry out to less than [ of spacing between the electrode 
fingers which are surface acoustic wave equipment which prepares a protective coat only on a these ctenidium-like electrode, 
and changes, and adjoin the thickness of said ctenidium-like electrode ] 1/2. 

[0010] The surface acoustic wave equipment of the 2nd invention is arranged so that the electrode finger of the both sides of 
the ctenidium-like electrode of a pair which have two or more parallel electrode fingers on a piezo-electric substrate may gear 
mutually. And it is surface acoustic wave equipment which prepares a protective coat in a these ctenidium-like electrode and a 
piezo-electric substrate front face, and grows into them, and is characterized by making the difference of the thickness of said 
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ctenidium-like electrode, and the thickness of a protective coat less than [ of spacing between adjoining electrode fingers ] into 

1/2. 

[0011] 

[Embodiment of the Invention] Drawing 1 explains a production process for the surface acoustic wave equipment of this invention 
using dr awin g 3 . It is the partial expanded sectional view of SAW equipment [ in / (a) of d rawi ng 1 , and / in (b) / other operation 
gestalten ]. [ the partial expanded sectional view of SAW equipment ] For a piezo-electric substrate and H, the thickness of an 
IDT electrode and L are [ two or more parallel electrode fingers of the IDT electrode which is a ctenidium-like electrode of the 
pair arranged by (a) of this drawing, and (b) so that 1a and 1b may be clenched mutually, and 10 / the thickness of a protective 
coat 13 and R of spacing between electrode finger 1a and 1b and P ] the radii of the conductive particle 12. (a) - (e) of aVawingJ* 
explains the contents of each process briefly. In addition, in drawing 1 , the same sign is given to the same member as drawing 2 . 

[001 2] In 2 FKL, in (a) of drawing 1 , the electrode fingers 1 a and 1 b of the both sides of the ctenidium-like electrode of a pair do 
not short-circuit. In 2 R>L, a particle 12 adheres over two or more electrode fingers top, but since the protective coat 13 is 
formed on the IDT electrode (only on an IDT electrode), it does not short-circuit. Although a particle 12 may contact and short- 
circuit on the side face of the electrode fingers 1a and 1b in 2 R**L, with this operation gestalt, it is referred to as H<L/2, and 
the side face of the electrode fingers 1a and 1b has not reached the part of the maximum width of a particle 12. therefore, the 
probability which short-circuits through the side face of the electrode fingers 1a and 1b is markedly alike, and becomes small. 
[0013] In 2 R<L and 2 R>L, in (b) of drawin g 1 , it does not short-circuit like (a). Like H>=L/2, this operation gestalt is applied, 
when the thickness of an IDT electrode is comparatively thick, and the side face of the electrode fingers 1a and 1b has not 
reached the part of the maximum width of a particle 12 by setting to H-P<L/2 height H-P of the side face of the electrode 
fingers 1a and 1b exposed outside, therefore, the probability which short-circuits through the side face of the electrode fingers 
1a and 1b is markedly alike, and becomes small. 

[0014] For the above-mentioned protective coat 13, rho/P is 109, when it consists of an insulating or semi-conductive (half- 
conductivity) thing electrically and the resistivity of a protective coat is set to rho (ohm-cm). It is desirable to make it become 
the above (omega). As the ingredient, they are Ta, Mo and those oxides or a nitride, NiCr, NiCr-Si, Cr-SiO, Cr-Si02, Si, Si02, 
SiN, etc. 

[0015] In this invention, it consists of aluminum or an aluminum alloy (an aluminum-Cu system, aluminum-Ti system, etc.), and 
especially aluminum has high excitation effectiveness, an IDT electrode has cheap ingredient cost and it is desirable. Moreover, 
although an electrode configuration is a configuration which engaged the ctenidium-like electrode for I/O (IDT electrode) as 
shown in drawing 1 by turns, this invention can apply two or more electrode fingers also to the thing of a slit mold like the 
reflector arranged in parallel. Furthermore, the cross-section configuration of the electrode fingers 1a and 1b is desirable when 
an inverse tapered shape mold which is tapering off toward a piezo-electric substrate side controls short-circuiting through the 
side face of the electrode fingers 1a and 1b. 

[0016] The logarithm of an IDT electrode the width of face of 50 to about 200, and the electrode fingers 1a and 1b And about 
0.1-10.0 micrometers, The crossover width of face of about 0.1-10.0 micrometers and the electrode fingers 1a and 1b is suitable 
for spacing between electrode finger 1a and 1b, when setting thickness of about 10-80 micrometers and an IDT electrode to 
about 0.2-0.4 micrometers acquires the expected property as a resonator or a filter. Moreover, if the reflector for reflecting SAW 
in the both ends of the propagation path of SAW of an IDT electrode, and resonating them efficiently may be prepared suitably 
and piezoelectric material, such as ZnO and AIO, is further formed between electrode finger 1a and 1b, the resonance 
effectiveness of SAW improves and is suitable. 

[0017] As the above-mentioned piezo-electric substrate 10, it is LiTa03 of 36 degreeY cut-X propagation. Crystal, UNb03 of 64 
degreeY cut-X propagation UB 407 of a crystal and 45-degreeX cut-Z propagation Crystal, Xtal etc. is suitable and it is LiTa03 
of 36 degreeY cut-X propagation especially. Pass band width is wide and a crystal is LiB 407 of 45-degreeX cut-Z propagation. 
Since [ that an electromechanical coupling coefficient is large and ] the group delay temperature coefficient of a crystal is small, 
it is desirable. The thickness of the piezo-electric substrate 10 has 0.3-0.5 goodmm, the piezo-electric substrate 10 becomes 
weak in less than 0.3mm, and cost becomes large in 0.5mm **. 

[0018] in this way, this invention has the operation effectiveness of boiling markedly the short-circuit between the electrode 
fingers by adhesion of a conductive foreign matter, and controlling it. 

[0019] Furthermore, the SAW equipment of this invention is manufactured as follows. In (a) of drawin g 1 , the process of dr awing 
3 is followed. First, the photosensitive resist for lift off is applied on the piezo-electric substrate 10 at a process (a), and the 
negative pattern of an IDT electrode is formed by the photolithography method at a process (b). Then, the electric conduction 
film which consists of aluminum for IDT electrodes etc. in a vacuum ambient atmosphere is formed at a process (c) by the thin 
film forming methods, such as vacuum deposition, the sputtering method, and a CVD method. It is made for the thickness of the 
electric conduction film to become less than [ of spacing between electrode finger 1a and 1b ] 1/2 then. Next, a protective coat 
13 is formed with vacuum deposition etc. on the near piezo-electric substrate front face in which the IDT electrode was formed, 
without breaking a vacuum at a process (d). 10-100nm is suitable for the thickness, and less than 10nm is not enough for it to 
function as an insulating protective coat 13, and it has big effect on a resonator property and a filter shape in 100nm **. And lift 
off of the photosensitive resist which is equivalent to the negative pattern section at a process (e), the electric conduction film, 
and the protective coat 13 is carried out to coincidence, and the SAW equipment of this invention is obtained. 
[0020] In (b) of drawing 1 , the following processes are followed. First, on the piezo-electric substrate 10, the photosensitive 
resist for lift off is applied and the negative pattern of an IDT electrode is formed by the photolithography method. Then, the 
electric conduction film for IDT electrodes which consists of aluminum etc, is formed by the thin film forming methods, such as 
vacuum deposition, the sputtering method, and a CVD method. With a photosensitive resist, lift off of the electric conduction film 
equivalent to a negative pattern is carried out, it is removed, and an IDT electrode is formed. In addition, after an IDT electrode 
forms the electric conduction film first, applies a photosensitive resist and forms the positive pattern of an IDT electrode by the 
photolithography method, it may leave and form the electric conduction film equivalent to a positive pattern by the etching 
method. 

[0021] Next, a protective coat is formed by the thin film forming methods, such as vacuum deposition, the sputtering method, and 
a CVD method. 10-100nm is suitable for the thickness like the case of (a) of drawing 1 . At this time, it is made for the difference 
of the thickness of an IDT electrode and the thickness of a protective coat 13 to become less than [ of spacing between 
electrode finger 1a and 1b ] 1/2, and the surface acoustic wave equipment of this invention is obtained. 

[0022] In addition, this invention is not limited to the above-mentioned operation gestalt, and modification various by within the 
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limits which does not deviate from the summary of this invention does not interfere at all 
[0023] 

[Example] The example of this invention is shown below. 

[0024] (Example 1) It is the following, and the SAW equipment equivalent to (a) of drawing 1 was made and produced. LiTa03 of 
36 degree Y cut-X propagation On the piezo-electric substrate 10 which consists of a crystal, the photosensitive resist for lift off 
was applied and the negative pattern of an IDT electrode was formed by the photolithography method. At this time, conditions, 
such as the baking temperature of a photosensitive resist. BEKU time amount, ultraviolet-rays reinforcement at the time of 
exposure, the exposure time, a developer, and developing time, were adjusted, and that cross-section configuration was made 
into the inverse tapered shape configuration so that it might be easy to carry out lift off of the photosensitive resist. It is SAW 
LiTa03 Since X shaft orientations of a crystal were made to spread, it was made for the longitudinal direction of the electrode 
fingers 1a and 1b to become perpendicular to X shaft orientations. Moreover, since about 900MHz signal is passed, in order to 
acquire a desired property, it was made for spacing whose width of face of the electrode fingers 1a and 1b is between 1.1 
micrometers, electrode finger 1a, and 1b to be set to 1.1 micrometers. 

[0025] Next, the piezo-electric substrate 10 was installed in the vacuum deposition inside of a plane, and 460nm of aluminum was 
formed on the near piezo-electric substrate front face in which the negative pattern was formed. At this time, the degree of 
vacuum in the chamber of a vacuum deposition machine was set to 10-7Torr. Then, 25nm of Si for protective coat 13 was 
formed, without breaking a vacuum. At this time, discharge took place between electrode finger 1a and 1b according to the 
pyroelectric effect of the piezo-electric substrate 10, and in order to avoid that the electrode fingers 1a and 1b are damaged, 
heating of the piezo-electric substrate 10 was not performed. And lift off of the photosensitive resist equivalent to the negative 
pattern of the piezo-electric substrate 10, the electric conduction film, and the protective coat 13 was carried out, the IDT 
electrode and the protective coat 13 were formed, and SAW equipment was produced. 

[0026] The above-mentioned SAW equipment = (thickness of an IDT electrode) it was 460nm and, on the other hand, was =(1/2 
of spacing between electrode finger 1a and 1b) 1.1 (micrometer) / 2= 550 (nm). By considering as said configuration, that whose 
percent defective was several % conventionally decreased to about 0.1%. Moreover, since vacuum suction was managed at once 
as compared with the former, the part SAW equipment has been manufactured to low cost. 

[0027] (Example 2) It is the following, and the SAW equipment equivalent to (b) of drawing 1 was made and produced. LiTa03 of 
36 degreeY cut-X propagation On the piezo-electric substrate 10 which consists of a crystal, the photosensitive resist for lift off 
was applied and the negative pattern of an IDT electrode was formed by the photolithography method. At this time, conditions, 
such as the baking temperature of a photosensitive resist, BEKU time amount, ultraviolet-rays reinforcement at the time of 
exposure, the exposure time, a developer, and developing time, were adjusted, and that cross-section configuration was made 
into the inverse tapered shape configuration so that it might be easy to carry out lift off. It is SAW LiTa03 Since X shaft 
orientations of a crystal were made to spread, it was made for the longitudinal direction of the electrode fingers 1a and 1b to 
become perpendicular to X shaft orientations. Moreover, since about 900MHz signal is passed, in order to acquire a desired 
property, it was made for spacing whose width of face of the electrode fingers 1a and 1b is between 1.1 micrometers, electrode 
finger 1a, and 1b to be set to 1.1 micrometers. 

[0028] Next, the piezo-electric substrate 10 was installed in the vacuum deposition inside of a plane, and 460nm of aluminum was 
formed on the near piezo-electric substrate front face in which the negative pattern was formed. At this time, the degree of 
vacuum in the chamber of a vacuum deposition machine was set to 10~7Torr. Lift off of the photosensitive resist equivalent to 
the negative pattern of the piezo-electric substrate 10 after vacuum evaporationo was carried out, and the IDT electrode was 
formed. Then, the piezo-electric substrate 10 was installed in the vacuum deposition inside of a plane, vacuum suction was 
carried out to the 10-7Torr base, 25nm of Si for protective coat 13 was formed, and SAW equipment was produced. At this time, 
discharge took place between electrode fingers according to the pyroelectric effect of the piezo-electric substrate 10, and in 
order to avoid that an electrode finger is damaged, heating of the piezo-electric substrate 10 was not performed. 
[0029] The above-mentioned SAW equipment is (thickness of IDT electrode)-(thickness of protective coat 13) =460-25=435(nm). 
On the other hand, since it is =(1/2 of spacing between electrode finger 1a and 1b) 1.1 (micrometer) / 2= 550 (nm), 435nm of 
differences of the thickness of an IDT electrode and the thickness of a protective coat 13 serves as one half of values of 
spacing between electrode finger 1a and 1b smaller than 550nm. By making it said configuration, the same effectiveness as an 
example 1 was acquired. 
[0030] 

[Effect of the Invention] a protective coat is prepared only on a ctenidium-like electrode and invention of the 1st of this 
invention does so the effectiveness that it boils markedly that a conductive foreign matter adheres at the time of assembly 
processing of packaging etc., and short-circuit occurs between electrode fingers, and can control, by making thickness of a 
ctenidium-like electrode less than [ of spacing between electrode fingers ] into 1/2. Moreover, since a ctenidium-like electrode 
and a protective coat can be formed continuously, without breaking a vacuum and a photolithography process can also be 
managed at once, a process is simplified. Furthermore, when releasing a vacuum, contamination of a foreign matter mixing and 
adhering into an ambient atmosphere from the exterior decreases. Since a protective coat is formed before finishing forming a 
ctenidium-like electrode, there is no discharge between the electrode fingers by the pyroelectric effect at the time of protective 
coat formation, and it also has the effectiveness that an electrode finger is not damaged. 

[0031] moreover, a protective coat is prepared in a ctenidium-like electrode and a piezo-electric substrate front face, and by 
making the difference of the thickness of a ctenidium-like electrode, and the thickness of a protective coat less than [ of spacing 
between electrode fingers ] into 1/2, like the above, the 2nd invention boils markedly that short-circuit occurs, and can be 
controlled between electrode fingers. In this case, when it is not necessary to cover a protective coat on the side face of an 
electrode finger or and a protective coat is not covered with a certain cause by the side face of an electrode finger, short-circuit 
can be controlled if the thickness of a ctenidium-like electrode is adjusted like this invention. Therefore, since membranes can be 
formed also by the bad membrane formation equipment of covering nature, and the membrane formation approach, it is not 
restrained by membrane formation facility but manufacture becomes possible by low cost. Since covering of the side face of an 
electrode finger which membrane formation cannot carry out easily is not needed, thickness of a protective coat can be made 
thin, the tact time of membrane formation becomes short, and productivity is good. Moreover, effect on a resonator property and 
an SAW filter property can be made small by thin film-ization of a protective coat, therefore the degree of freedom of a design 
improves. 

[0032] Furthermore, since the probability of this invention which short-circuits even if a conductive foreign matter adheres to 
some extent is quite small, it becomes unnecessary to wash too much the package which are the main generation sources of a 
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conductive foreign matter consequently, and it can simplify a production process. 
[Translation done.] 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original precisely. 
2,**** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

LQiawing Jj Although the SAW equipment of this invention is shown and (a) has a protective coat only on an IDT electrode, 
although a partial expanded sectional view and (b) have a protective coat in the whole surface, they are a partial expanded 
sectional view. 

[D rawing 2] Although conventional SAW equipment is shown and (a) does not have a protective coat, although a partial expanded 
sectional view and (b) have a protective coat in the whole surface, they are a partial expanded sectional view. 
[Drawing 3] In the flow chart of the production process of the SAW equipment of this invention, (a) - (e) shows the contents of 
each process. 

[Drawing 4] In the flow chart of the production process of conventional SAW equipment, (a) - (e) shows the contents of each 
process. 

[Description of Notations] 

1a: Electrode finger 

1b: Electrode finger 

10: A piezo-electric substrate 

12: A conductive particle 

13: Protective coat 



[Translation done.] 
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(c) ttS«£fc©**«j*p¥iBB-eib$, 
[0 0 0 3] I3B© ( a ) (Cftl^T, L i NbOj & 
sf B , L iTaOi ^&^©Em*tS 1 0±{C, 3r]£©W 
lL**5^t*»©W/j:tSjtl 1 a, 1 1 b#iV 30 

(c«^fr£ft5<fc5KIBg£*ifc, itttlli© I D 

T (Inter Digital Transducer) WM 1 l^I2(tt>tlT 
^5. (b) 11, Ifillla, llb±«L<}4mtS 
JB 1 1 a , lib Wfci*«tt©«fc&* 1 2 

mffiJIl 1 a, 1 1 bW©|fe|W4*ft«Pl-5fc* 

[ 0 0 0 4 ] IU0© (c ) (Cftl^T, 1 1 a |20iRtfA 

*«©«ttffi-c, 1 1 bmmmmi<Dmmm^h 

■K S£IH 1 a t 1 1 bW#i*iiLi'a- M" 40 

L T ©#&#&<£ LT^fc. ft, IDTlt 
*t#Ji»l 0H8U oomSE-Cfc***, (c) 

[0 0 0 5] ^©ipftSAWggli, 04{OT:-f.fc5 
ftlSTUJt^ns. IS (a) t-EllSio±|:ii 
7 h*7ffl©i83tttuj?^hSrlft*U IS (b) x-y 

* h'J Wy7 4-mc£<9 I DTfcffil 1 

-y&ftm-tZo i?i (c) t*ii«7/N 



VfSfiW-l 0- 1 0 7 5 8 2 
2 

I DTlHl 1 J8©i**ilfcJta#H*1'-CriUJ! 
L, Iff (d) T?EE«S8tl 0*Ha#H*>t'*»5>»«? 

?~y(D 1 DTlfi 1 1 %M$L~f'bo U"C> Ifi 

(e) T-iDTmfiii lt^mma^x^y? yyffc 

^T?»l!il3S:M$t5. r©tf, (c) t 
(e) © 2 HIcDIfll?, J±m»gl 0&jt£#B^(c 

[0 0 0 6] 

[»WiJ«»*LJ:5 t-r-SHH] L^tft*«b, IDT 
tt&l HCft«Rl 3^(tbtl-C^ft^t, 
©*«4©»*fr?-l 2**#»Lfc»-&, t©^iR*5R 
>L/2 (Lli*teJ|l la, 11 b P B lCOSE^t) ©t 
§\ m^Jilla, 1 1 bP^afiiL^a- M"5i^ 
55ga* 5 fcofc 0 I DTStEl 

«ffi©^ffit««Bi 1 3&Ktt-t\ m«fii i a, 1 1 

bMol6l»S:fiM*LJ:5tb-C'b, «Klll3##«» 

#J;tff I DTlIl lfflSf5 00nmSS!C^Uft 
MRl 3ORf*5 0nmSSICfi5i^5J:5^ & 

«]R 1 3 Wm% 11a, lib© 

ot'R=L/2 mstoma* 1 2 ^mmm 1 1 a , 11 

bMlCiKSOiiA/^*©'^ mffiJIl 1 a, 1 1 b©ffiij 

[0 0 0 7] I DTltti 1 ±L\cmM&*?*^y 

1 3 ZJtm£ltZ>W&\^ J±m£«l o£i?gj(£#|I 
^S-AtxT£;<9, zmtcib, 3t£gg©Jt£3[f 

iS2Si7 5^wfcofc 0 jgic, j±ms«io^m^# 
H^^icaiLAn-rs^^, Ems«i o-^i dt«s 

[0008] tot, **Bjti±ie*if »cfc*-cay*s 

«tt*BM© 3 - h SrWifpj L, ^© i 5 ftt#^© S aw 
£fi&1B5ll&ftIf!T-{&3* hicM^-TSr <!r(cfcS 0 
[0 0 0 9] 

[KJS&ft¥ft1-3fc«>©¥S] JB 1 o»fH©9Wt*iiift 
ggfi, E*S«±li, «*©¥tfft«SJI*^1-5- 

^55fr4*ffifesgt-fc-QT, tfife®*ttmn©j?$^ 
[0010] iB2©*w©»tt*B)6gBf4, ffimatg 

«*©sRTft«fli*ISrW1-5-*r©«5#4ft«ffi© 



(3) 

3 

[001 1 ] 

[ 31 ©»£©»?§] *jsw©#tt«iB«S611*:0i 

■C, Mii£l8&0 3£ffl^T!£^-f5o HI© (a) n 
S AW§£K©g&#ffi*»Tffi0, (b) tt«M>**JB«fc 
S AW^ffi©SS#}>£7cllT®0T*fc5 o IH0© 

(a) , (b) T\ la, lbli, EV ft 
5 J: o fcE*$ftfc-#©*ttR*B-C*>5 I DTtS 10 
©**©¥tffcm*J8» I0iiiims«s Hli I DTi 

3 co (a) - (e) \i^xm.cotim-kw\^n tfct 

[0012] Ell© (a) fcfcVT* 2 R < L©*t"£C: 
-^©«*R»K©)R*«5tt«*B la, lbi5->3-h 
t5^ttt4V\ 2R>L(D»-a-|C|i, 2 4*$ 

W<DmMiin^t>t^XVi%-tZ>tiK IDTtffii (1 20 
DT^iiro^) tcffittttl 3 4MRttP>ft-tV>5<0Tf 

ffijfl a, 1 b©«fl5fc«ttt"C'>9- hi-S^Itgtt* 5 
fc54S, *H*»lfc"ei±» H<L/2^r ^nTJoOs « 
ffijg l a , lb ©WB^fMtt^P 1 2 

LT^/il\ Sot, m«Bl a, 1 b©«ffi£iiCT 
[0013] 01© (b) tCjo^T, 2R<L&U i 2R 

>L©«^-(C(i, (a) kmm^'>3-h-fz>zt\*te 

\.\ *nimmt. H^L/2©<fc5>Ki DTtg*s©isi 30 

ffiJila, lb©i!Oil$H-P5:H-P<L/2i 

-fz>z k let 0 > ttflftB la, lb roWffi^Wa^ l 2 
<&**W©«#£ab-CV*v\ tot, fttiftgl a, 
1 b © «BB S: a U t s/ 3 - b + 5 S < * 

[0014] 1 3 nmfctofcifeitttxtt** 

©k©4>fe$?>, ft»Btroffi^S: p 
(Q-cm) iLtit, p/Pi!io' (Q) U±k 

a, Mo&lf*ftf><DSMM&£l,<tt$fc4fc, NiC 
r, NiCr-Si, Cr-SiO, C r - S i Os , 
Si, S i O2 , Si N^T'fcS„ 
[ 0 0 1 5] *3PJtCjo^T, I DTfSSIliA 1 fcSV 
liAl^ (Al-Cul, A 1 -T i %m 
19 , #(CA 1 i«ftJ8»**!*< , h4^«T'fc 

fflrolift^mtl (IDTHH) ^^Stcit^^fcJ: 
5&^ttT*fc54\ *^(ft a»W*SfilS:¥fT»cE 



!(#FA¥l 0- 1 0 7 5 8 2 
4 

5, St-, t«i a, 1 b©$Tffi^#tt> EE**fiffi 

la, 1 b©ftlJE&»CTv'3- h1-5©£r#Pffe!l1~5 5 
[0016] ^Lt, I DTHtl©*tS!ctt5 0-2 0 0 

aaN*&ysi«. ib©*no. i~io. ojimg 

WSftla, lbf B 1©FW0. 1-10. Oitm 
fcHJI la, lb ©£^it§ti 1 0 ~ 8 0 ix ml 
^ I DTmtS©)¥^-(i0. 2-0. 4 m mfUtir-rS 
-t4^ *H^fcSVMi7^/V^ LT©^©^^ 
#5 5*. -C»*-C *> 5 „ * fc, IDT m<0 S AWCfi 
|ftj£®Pi*il^ SAW*RWUa**A<*lfiS'*5fc* 

©RW^^isiatttt>ct<, letcti, msffii a, 1 
b mic z n o, a i o*©Ewmfc*§ii"fttf » s A 

W<D*HSb^[6l±bffjgT-fc5„ 
[0 0 17]±EEtSSl0tLm 3 6° Y*y 
H-XisiCLiTaO, &iSu 6 4° Y#yh-Xfc 

(SOLiNbO, 4 5° X*-7 h-Zfc»©L i 

B,0, *K 4$JC3 6° Y*-y 

h-X<f£}$©L i T a J&i6HiIiii#$i|>§4S/£< x * 

«>#*U\ E*3£S 1 0 (BflPMl 0 . 3-0. 5 mm 
*s i< , 0. 3mm*«-t?HJ3E«S«l 0 
0. 5mmjgtli3^ ba«**<43. 
[0 0 18]KLt, #3893^ *mtt©JMfc©#* 

[0 0 19] 3Et-, *||B^(DSAW^ef±£AT(DJ:9i- 
$Sit$n5„ 01© (a) ©*^, B3<&lSfc1fc5. 

IS (a) fEtlgl 0±(CU 7 h^-7ffl©ii 
»Wy^h^»U 18 (b) 1?7tM)y^77 
^ — -jfetci J: 19 I DTtS^^^-y?rMt5o -t 

18 (c) ^y^y^^*. CVD 

ft*©fWt»rit*»!: J: 5 , H£#fflm*^ I DT«tSffl 
©Al**»fcJ*S*«BI**R-t*. ^©^^, 
roKJ¥4 s ttSlS 1 a, 1 blWroMBw i/2*SS£fc5 
J:9lci-5o 18 (d) T?HaS:*&-fK:, ID 

) ^|fe^(cJ;^j5it)l1-5„ ^rolRJftil 0-1 0 0 nm4S 

ffjgTfc 9 , 1 0 n m*mx\mmvtco&mm nit 

T»H1-a<0fc&#"C4< » 1 0 0 n mifli*S^^ 
ttST/^^^Wtt^f 4*»*4*5. -ttt, I 
8 (e) T"^^^-^SC^ ; fBSi-5ii3t'ttUv?^ h, 
««R, ««itl 3^^B#lC!J7 ht7U *^W©S 
AWSf^fSo 
[0 0 2 0] 01© (b) ©#£-ti^T©l8t-^9o 

t-f, ffSSffi 1 o±icy 7 ^^-^^©liTtti^v 5 ^ h 

^^*L, 7* M V77 7^-ftia») I DTtiC 

0 ^^v<^-^^ffM-r5o 3R*ft. ^^y^y 



5 

5 I DTmttffl©i**K&fi!W1-5 0 *#^*-^{cfg 

T|&*L I DT«i£ffM-f£ 0 ft, I DTftfc H % * 
1"*ftitSr»fifcLTiJ3tttU'^^ HSrifrftiU 7* b V 
yyy7j~mz£<9 I DT&fa<D7$i>s<?~ Is&J&fiL 

[00 2 1 ] Wc, I) y^jfe, CVD 

it, a i to ( a ) (75#^- 1 mm\c 1 0 ~ 1 0 0 n miW 

mmt <DmK n,mm 1 a , u wmwmio i/2*m 

[0022] « % *^BJfi±E<^^Ji^«l(cpfi^$ix5 

[0 0 2 3] 

[0 0 2 4] (Ultffill) 121© (a) IC^^-r^SA 
WiS*Sr£JlTOJ:5K:LTfN»Lfc 0 3 6° YTJ-yh- 
Xfit©LiTaO, <S**»bJ5ll5£E«iaRl 0±fc, 

tv^ 5 t^oiiMtaif^-^i: Lfc„ SA 
W^LiTaO, Ift^XlfcfrfafcejlltetfS©-?, « 

mi a, i b (D&ttmtxmxfaizttLxmmzte 

3 <£ 9 iCLfc £/c, 0 OMHzfSSCD'(f-§-^ai§ 
£-ti:3cDT\ MSa©*W4Sr#*fc«>»c % »i a, l 
b OflW 1 . 1 /i m, ttSlg la, lb noMNR^ 1 . 

[0025] mm&w. i o sritsiR*«rttciaiE 

A 1 &4 6 0 nmjftittfc. JtSiS*i©f 
t ^<-rt©Jt2ail 1 0" T o r r i Lfc. 
Hffi«r*6>1*k:«Bltl 3ffl©Si^25 nm«L 

a , i b wjc^m^jgr u , mmm 1 a , n *«s«-r 

fc. tU, JimSffil 0<D*U;<?~>\z^1rZ,m 
ftttUS** K fttR, Wl3Jr!)7ht7U I 
DT«ttXtf«f|!ti 3$rJ£fifcU SAWif^ftlL 

[ 0 0 2 6 ] ±ISSAWgSli, ( I DTmH^MJ?) 
= 4 6 0nm-(? 1 (tttfla, 1 b ^©PbIPS© 

1/2) =1. 1 Um) /2 = 5 5 0 (nm) T'fco 
fc 0 mmffif$.tirZ>z\k\z£i9, 1£**A*a**%-e* 



(4) ItMsp 1 0- 1 0 7 5 8 2 

6 

o7cfc©#\ 0. 1 Lfc. $7c, ftSfelCjfc 

[0 0 2 7] (3WJ2) gl© (b) ICtg^-r^SA 
W|gltSrEATOi5f-tTf^«!L)t 0 3 6° YTJ-^h- 
X£j$© L i T a Oi *SAa»e>fifc*flE«S« 1 0 ±{C N 

y 7 h*7ffl©**ttw^ h^smsu 7^-hyy^ 
fc. :oi$, asjtttuv 5 ^ h©^<— -<-^s# 

ffi^^iS?X-^-^i Ufc. SAW^LiTaO. 
%k&<DXlfajjfaKfcffi&-£Z,<D-V, a , lb© 

©4ftt&l#3 7ci6lC, m«gl a, lb©«#l. l/i 
m, tt&ft la, lb fflOmMfr l . l /< m t ft 5 <fc 5 

[0028] i^ic, i o &n&m*mto\z&w 

A 1 Sr4 6 0 nmjSKLfc. iOit, M&&HtHlL<D7- 
tV^-telSIIil 0 ' T o r r t L7c„ i;*$© 

^^7ht7U I DTflMLfc. ^©t, El 
SSI 0 4;l$I*irtlCSiL, 10" Torr^S 
T*|?£3lt U ffiflWl 3ffi©S i &2 5 nm^flfLT 
SAWgJt&ffcKLfc,, :©it, EiSSiocit 

30 [0 0 2 9] lESAWlfli, (IDT«ffi©Blff) 
- (IRttil 1 3 (DflfJ?) =460-25 = 435 (n 
m) T\ -77. («1 a, 1 b Pb^KPIO 1 / 2 ) 
= 1. 1 (nm) /2 = 5 5 0 (nm) T**)5(7)-e, 1 

D7mm<Dmmtw&mi 3<omw<D*t4 3 5 nm ^ N 

WMiS la, lb m^PgRiO l/2©5 5 0nmJ;n 
[0 0 3 0] 

WW© 1 / 2 i: -f 5 r t ic <£ 9 , ^ 

a-c^nt-ct, 7* y^7 7-r-ist>iiaT»tf 

!3H-3©7?, i*fllK^NF©,««a*fcJ:5«ffiJt|!g© 
50 L/j:^t^ 5 Jftst^ri-s. 



(5) 



[0031] tit, %2 <Dwm. M^mti&oM 



.J 5 < s fc 5 ^ Ufa fe d»o»B £ * 9 

© * 5 tc«i#ttmtt©Blff LtfctttfS' 3 - h ft 

1-5. 

[Hi 



(a) 



10 



IftfflW-l 0- 1 0 7 5 8 2 
8 

ho 

[Ell] **BJ(OSAWlt5:*t« (a)HIDTtt 
[El 2] «(DSAWgf**U (a) ttWIIII*** 

^t>©©tt#*fc**TBEI, (b) l*£ffifcfi$M** s *>?> 

[0 3] **W«OSAWSfi««)»JSXSO«*iiat?s 
(a) ~ (e) li&XfiWrt^ft^'fo 
[04] ?6*<D S AWg»<OM5£lSO»fc*LE|-C, 
(a) ~ (e) tt«-lSOrt*Sr*1". 




Cb) 




1 a 

1 b 

1 0 

1 2 

1 3 



mint 

: MM 



[02] 



(a) 



(b) 




(c) 



-1 0 

-1 1 a 
-1 1 b 



(6) 



nWlW- 1 0- 1 0 7 5 8 2 



(a) 



(b) 



(c) 



(d) 



Ce) 



[03] 



U 7 h*7M*ttui;x b&m> 



(a) 



(b) 



(c) 



(d) 



Ce) 



[04] 



4 



7* Y x )7?v7 i~\Z&V)%H,<? 



1 



i d Timmommm&m 



[JfffiB] ¥)$8fl2^10B 
[^«jE1 ] 
[»E*tii#Si£] Bj!l|B# 
[«3E;tt#>if @£] E]2 



[0 2] $*cDSAWj£g&*U (a) f±«fl^/jt 

^i><D<Dto#&7zmm®. (b) ti^ffi^ii^fcs 

>b(DOgp^te^»Tffi0, (c) l4SAWgIi#©S* 



7 p> ~J<Dm.% 



